
DISPLAY DRIVE CIRCUIT, SEMICONDUCTOR INTEGRATED CIRCUIT, 
DISPLAY PANEL, AND DISPLAY DRIVE METHOD 



Japanese Patent Application No. 2001-30893, filed on 
5 February 7, 2001, and Japanese Patent Application No. 2002- 
25698, filed on February 1, 2002 are hereby incorporated by 
reference in their entirety. 

BACKGROUND 

10 The present invention relates to a display drive circuit, 

a semiconductor integrated circuit, a display panel, and a 
display drive method. 

In a prior- art color LCD driver IC (a semiconductor 
integrated circuit: generally speaking, a display drive 

15 circuit) drives a color LCD, based on 8 -bit image data (made 
up of three red (R) bits, three green (G) bits, and two blue 
(B) bits) that is output from an MPU. This is shown in Fig. 17. 

Of image data D7 to DO for one pixel that is input from 
the MPU, the three bits D7 to D5 represent eight grayscales of 

20 red, the three bits D4 to D2 represent eight grayscales of green, 
and the two bits Dl and DO represent four grayscales of blue, 
as shown in Fig. 17 . Image data of this format is used to display 
256 colors (8 x 8 x 4 = 256) , by being input sequentially to 
a ROM within the driver IC, and then by being subjected to frame 

25 rate control (FRC) modulation. 

In this prior- art color display method the number of 
colors that can be displayed is determined by the number of bits 
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of image data that is input to the driver IC from the MPU. Since 
the number of bits of image data that is input to today's 
general -purpose color LCD driver ICs, the number of colors that 
can be displayed is limited to 256. 
5 With 256 colors, however, it is not possible to represent 

subtle variations within similar colors. Recently, however, 
there are demands for increased numbers of colors in color 
displays . 

Incidentally, Japanese Patent Application Laid-Open No. 

10 63-318863 discloses a color image processing device having 
means for converting color image information into a plurality 
of color signals from analysis of a plurality of color analysis 
images, means for obtaining digital color signals with warping 
correction from that plurality of color signals, and color 

15 separation means for separating these digital color signals 
further into a plurality of color signals comprising a plurality 
of bits; wherein the configuration is such that a plurality of 
color separation means are provided as this color separation 
means for differentiating between the color signals to be output, 

20 and those color separation means can be exchanged. In an 
apparatus that provides color display using the four colors 
black, red, green, and blue, by way of example, it is simple 
to develop an apparatus that uses three colors for display, if 
it is made possible to separate them into three color signals 

25 for recording a color image. However, this color image 
processing device was not devised with the objective of 
increasing the number of colors that can be displayed. 
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Japanese Patent Application Laid-Open No. 10-327330 
discloses a color recording device provided with a grayscale 
processing means that uses a threshold value table, which has 
a plurality of mutually different threshold values allocated 
5 to dot positions in unit grayscale processing regions that 
correspond to a plurality of recording dot positions, wherein 
recording is done at dot positions in accordance with recording 
color signals. This color recording device has a plurality of 
threshold value tables having mutually different threshold 

10 value matrices, means for selecting the threshold value table 
to be used in practice from those tables, a plurality of 
different signal correction processing function having 
mutually different details, and means for recording the details 
of signal correction processing corresponding to each type of 

15 threshold value table; wherein signal correction processing is 
based on details of the signal correction processing that 
corresponds the selected threshold value table. This is because 
it is difficult to perform sufficient correction during 
correction processing that has fixed processing details, since 

20 there can be differences in the levels of recording signals and 
in the details of the recording in practice, due to factors such 
as the amount of overlapping of colors. This color recording 
device was not devised with the objective of increasing the 
number of colors that can be displayed, because reproduced 

25 colors cannot be changed even if the operator switches the 
threshold value table. 

Japanese Patent Application Laid-Open No. 60-243735 
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discloses a color printer of the type in which color signals 
are converted by a color conversion table into print data and 
color printing is based on that print data, wherein the color 
printer is provided with a plurality of over- writable tables, 
5 the data stored in those tables can be set as desired, and also 
one of those tables is selected for use. However, this color 
printer requires the user to select one table from a plurality 
of tables to set the colors for printing, and thus it is not 
possible to increase the number of colors that can be displayed 
10 without having the user change the table. 

SUMMARY 

According to one aspect of the present invention, there 
is provided a display drive circuit comprising: 

15 RAM which sequentially stores data for image display that 

is input continuously; 

a plurality of grayscale pattern selection circuits, each 
selecting one grayscale pattern from a plurality of grayscale 
patterns, based on data stored in the RAM; and 

20 a plurality of frame selection circuits which are 

provided in correspondence with the plurality of grayscale 
pattern selection circuits, and sequentially output grayscale 
patterns selected by the plurality of grayscale pattern 
selection circuits for a series of image frames. 

25 According to another aspect of the present invention, 

there is provided a display drive circuit comprising: 

RAM which sequentially stores data for image display that 
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is input continuously; 

a plurality of FRCROMs which store a plurality of 
grayscale patterns with mutually different frame cycles, and 
use data stored in the RAM to select one grayscale pattern from 
5 among the plurality of grayscale patterns; and 

a plurality of frame selection circuits each of which 
sequentially outputs the selected grayscale pattern selected 
by the FRCROMs, for each frame, 

wherein a drive signal for driving a display portion is 
10 output based on the outputted grayscale pattern from the 
FRCROMs . 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

Fig. 1 is a block diagram showing a semiconductor 
15 integrated circuit in accordance with one embodiment of the 
present invention . 

Fig. 2 is a diagram showing the LCD panel of Fig. 1. 
Fig. 3 is a block diagram showing an example of the 
configuration of the MPU interface. 
20 Fig. 4A is a diagram for illustrating the operation of 

the MPU interface, and Fig. 4B is a timing chart showing an 
example of the operation timing of the MPU interface. 

Fig. 5 is an example of the conversion table in the image 
data conversion circuit . 
25 Fig. 6 is a block diagram showing an example of the 

configuration of the image data conversion circuit. 

Fig. 7 shows examples of grayscale patterns stored in an 
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FRCROM . 

Fig. 8 is a table showing 32 grayscales that can be 
expressed by the 32 grayscale patterns stored in the FRCROM. 

Fig. 9 is a graph showing the continuity of the 32 
5 grayscales of Fig. 8. 

Fig. 10 is a schematic block diagram showing connective 
relationships between the components of the IC driver according 
to one embodiment of the present invention. 

Fig. 11 is a diagram for illustrating address signals that 
10 are output from the display control circuit. 

Fig. 12 is a schematic block diagram of connective 
relationships between the FRCROMs, frame selection circuits, 
and the display control circuit. 

Fig. 13 is a circuit diagram of an example of the 
15 configuration of the frame selection circuits. 

Fig. 14 is a circuit diagram showing the configuration 
of a ROM including the grayscale pattern selection ROMs and 
FRCROMs - 

Fig. 15 is a block diagram showing an example of the 
20 configuration of the LCD interface. 

Fig. 16 is a diagram showing an example of the 
configuration of the display panel. 

Fig. 17 is a diagram for illustrating the data processing 
in accordance with a prior-art color display method. 

25 

DETAILED DESCRIPTION 
Embodiments of the present invention devised in the light 
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of the above described technical problems may provide a display 
drive circuit and a semiconductor integrated circuit that make 
it possible to broaden the types of colors that can be displayed 
and increase the degree of freedom of the selection of colors 
5 displayed, when driving an LCD or the like to display color in 
a plurality of grayscales, and also to a display panel and 
display drive method using the same. 

This embodiment is described below. 

Note that the embodiments described below do not in any 
10 way limit the scope of the present invention defined by the 
claims as laid out herein. In addition, all the elements of the 
embodiments described below should not be taken as essential 
requirements of the present invention. 

According to one embodiment of the present invention, 
15 there is provided a display driver circuit comprising: 

RAM which sequentially stores data for image display that 
is input continuously; 

a plurality of grayscale pattern selection circuits, each 
selecting one grayscale pattern from a plurality of grayscale 
20 patterns, based on data stored in the RAM; and 

a plurality of frame selection circuits which are 
provided in correspondence with the plurality of grayscale 
pattern selection circuits, and sequentially output grayscale 
patterns selected by the plurality of grayscale pattern 
25 selection circuits for a series of image frames. 

This display drive circuit may further comprise an image 
data conversion circuit which receives data in which grayscales 
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are represented by N bits (where N is an integer greater than 
or equal to 2) , converts the received data into data in which 
grayscales are represented by M bits (where M is an integer such 
that M > N) , based on a set command, and supplies the converted 
data to the RAM. 

In this display drive circuit, each of the grayscale 
pattern selection circuits may include: a selection ROM which 
outputs a grayscale pattern selection signal based on data 
stored in the RAM; and an FRCROM which selects one grayscale 
pattern from among the plurality of grayscale patterns in 
accordance with the outputted grayscale pattern selection 
signal, and uses the selected grayscale pattern to perform frame 
rate control (FRC) modulation in accordance with a control 
signal that is output from the corresponding frame selection 
circuit . 

In the display drive circuit, each of the frame selection 
circuits may be divided into a plurality of portions that are 
disposed on either side of the corresponding grayscale pattern 
selection circuit . 

In other words, a circuit pattern which includes a 
plurality of frame selection circuits each divided into a 
plurality of portions, could be disposed on either side of the 
grayscale pattern selection circuits. 

The above described configuration makes it possible to 
broaden the types of colors that can be displayed and increase 
the degree of freedom of the selection of colors displayed, by 
switching and outputting the grayscale patterns stored in the 
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plurality of frame selection circuits in accordance with the 
image data. 

According to one embodiment of the present invention, 
there is provided a display drive circuit comprising: 
5 RAM which sequentially stores data for image display that 

is input continuously; 

a plurality of FRCROMs which store a plurality of 
grayscale patterns with mutually different frame cycles, and 
use data stored in the RAM to select one grayscale pattern from 
10 among the plurality of grayscale patterns; and 

a plurality of frame selection circuits each of which 
sequentially outputs the selected grayscale pattern selected 
by the FRCROMs, for each frame, 

wherein a drive signal for driving a display portion is 
15 output based on the outputted grayscale pattern from the 
FRCROMs . 

If it is assumed that the plurality of FRCROMs in this 
case are first to kth FRCROMs (where k is an integer greater 
than or equal to 2) , the first FRCROM stores a plurality of 

20 grayscale patterns having a first frame cycle. The second FRCROM 
stores a plurality of grayscale patterns having a second frame 
cycle that differs from the first, and third to kth frame cycles. 
The kth FRCROM stores a plurality of grayscale patterns having 
a kth frame cycle that differs from the first to (k-l)th frame 

25 cycles. 

Since this embodiment makes it possible to select one 
grayscale pattern from a plurality of grayscale patterns having 
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a plurality of frame cycles, to drive the display portion, it 

enables a fine grayscale display, even when the image data has 

a small number of bits. 

This display drive circuit may further comprise an image 
5 data conversion circuit which receives data in which grayscales 

are represented by N bits (where N is an integer greater than 

or equal to 2) , converts the received data into data in which 

grayscales are represented by M bits (where M is an arbitrarily 

settable integer such that M > N) , and supplies the converted 
10 data to the RAM, wherein each of the frame selection circuits 

outputs the selected grayscale pattern based on the M-bit 

grayscales, for each frame. 

This configuration makes it possible to broaden the types 

of colors that can be displayed, even if the number of bits in 
15 the image data is small, and also enables the implementation 

of grayscale representation in accordance with grayscale 

characteristics . 

A semiconductor integrated circuit in accordance with one 

embodiment of the present invention comprises any of the above 
20 described display drive circuits, and a terminal which outputs 

a drive signal generated on the basis of the selected grayscale 

pattern . 

This configuration makes it possible to provide an IC that 
performs a fine grayscale display, even when the image data has 
25 a small number of bits. 

A display panel in accordance with one embodiment of the 
present invention comprises: pixels specified by a plurality 
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of common electrodes and a plurality of segment electrodes, 
which mutually intersect; and any of the above described display 
drive circuits, which drives the segment electrodes. 

This configuration makes it possible to provide a display 
5 panel that can perform a fine grayscale display, even when the 
image data has a small number of bits. In such a case, the scan 
driver that drives the common electrodes could be provided 
outside the display panel or it could be provided on the 
substrate on which the display panel is formed. 

10 A display drive method in accordance with one embodiment 

of the present invention comprises: selecting one grayscale 
pattern from among a plurality of grayscale patterns having at 
least two types of frame cycles, based on data for image display, 
and outputting the selected grayscale pattern for each frame; 

15 and outputting a drive signal for driving a display portion, 
based on the selected grayscale pattern. 

This configuration makes it possible to perform a fine 
grayscale display, even when the image data has a small number 
of bits, because the configuration is such that one grayscale 

20 pattern is selected from a plurality of grayscale patterns 
having different frame cycles, to drive the display portion. 

This display drive method may further comprise: 
converting grayscales of N bits (where N is an integer greater 
than or equal to 2) into grayscales of M bits (where M is an 

25 arbitrarily settable integer such that M > N) ; and selecting 
one grayscale pattern from among the plurality of grayscale 
patterns having at least two types of frame cycles, based on 
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the M-bit grayscales, and outputting the selected grayscale 
pattern for each frame. 

This method makes it possible to broaden the types of 
colors that can be displayed, even if the number of bits in the 
5 image data is small, and also enables the implementation of 
grayscale representation in accordance with grayscale 
characteristics . 

These embodiments are described below with reference to 
the accompanying figures. 

10 The configuration of a semiconductor integrated circuit 

in accordance with an embodiment of the present invention is 
shown in Fig. 1. In this case, the display drive circuit is 
described with reference to a case in which it is used as a 
semiconductor integrated circuit in a driver IC for a color LCD. 

15 As shown in Fig. 1, 8 -bit image data D7 to DO that 

represents image information for each pixel is input 
sequentially to an MPU 10 in a driver IC (semiconductor 
integrated circuit) 20. Various control signals including a 
write control signal and a read control signal are also input 

20 to the driver IC 20. The driver IC 20 generates a plurality of 
groups of R, G, and B drive signals, based on this image data 
and the control signals, and outputs them respectively to a 
plurality of segment electrodes of an LCD panel (generally 
speaking: a display panel) 30. 

25 The configuration of the LCD panel is shown schematically 

in Fig. 2 . The LCD panel 30 has a plurality of regions 11, 12, . . . 
in the segment direction and a plurality of regions 21, 22, . . . 
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in the common direction. In this case, each pixel is specified 
by specifying one region in the segment direction and one region 
in the common direction. The LCD panel 30 could have 160 regions 
in the segment direction and 120 regions in the common direction, 
5 by way of example. In such a case, the LCD panel 30 has 16 0 x 
120 pixels. 

Each region in the segment direction is further 
subdivided into three regions (dots) IIR, IIG, and IIB, and 
terminals 31R, 31G, and 31B are connected to three corresponding 

10 elements for applying voltages to those regions. 

Returning to Fig. 1, the driver IC 20 also comprises an 
MPU interface 1 for connection to the MPU 10 and an LCD interface 
8 for connection to the LCD panel 30. Drive signals that are 
output from the LCD interface 8 are output through terminals 

15 to the segment electrodes of the LCD panel 30. This causes each 
of the RGB regions to be driven in the segment electrodes of 
the LCD panel 30. 

The driver IC 20 stores a plurality of grayscale patterns 
for at least two types of frame cycle. One grayscale pattern 

20 that is selected from this plurality of grayscale patterns is 
output sequentially for each frame, based on image data that 
is input through the MPU interface 1. This enables the driver 
IC 20 to provide grayscale display by adjusting the frame rate 
control (FRC) . 

25 Within the driver IC 20, image data from the MPU interface 

1 is supplied to an image data conversion circuit 2 and control 
signals that are output from the MPU interface 1 are supplied 



13 



»ir"ij. ••«»»»«, .^*» "•"»».-«. «. ""h. ifs^h. *!?""' "»«h. *"*» --Ml,. 

, s«dJ iui :iC3i ST.: ^^n— jc:; m u :3 11=:; lui bz; 



to a display control circuit 9. The image data conversion 
circuit 2 converts the input image data into data of a larger 
number of bits, in accordance with commands supplied from the 
MPU 10. For example, the image data conversion circuit 2 could 
5 convert 8 -bit image data (made up of three red (R) bits, three 
green (G) bits, and two blue (B) bits) into red grayscale data, 
green grayscale data, and blue grayscale data where each color 
is expressed by four or five bits of grayscale data. 

If the image data is converted into 4 -bit grayscale data, 

10 it becomes possible to set (2*)^ ^ 4096 different colors, and 
thus display 256 or 4096 different colors therefrom, depending 
on the image data. If the image data is converted into 4 -bit 
data, furthermore, it becomes possible to set (2^)^ 
approximately 320,000 colors, and thus display 256, 4096, or 

15 320, 0 00 different colors therefrom, depending on the image data . 
Note that it does not matter if image data having eight or more 
bits is input to the image data conversion circuit 2, since the 
configuration could equally well be one in which image data 
having four, five, or more bits for each color is input directly 

20 to the driver IC 20. 

The description below relates to the fetching of image 
data that expresses grayscales by four bits for each color, 
which is then converted into 5 -bit grayscale data for each 
color . 

25 The description first concerns the MPU interface 1. The 

MPU interface 1 is capable of writing 4 -bit image data, which 
has been written in 8-bit units by the MPU 10, in24-bit (2-pixel) 
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units into a RAM 3 . 

An example of the configuration of the MPU interface 1 
is shown in Fig. 3. 

The MPU interface 1 comprises latch circuits LAT-A to 
5 LAT-C and latch circuits LAT-A' to LAT-C . The latch circuits 
LAT-A to LAT-C latch the 8 -bit image data D7 to DO that is input 
from the MPU 10. The latch circuits LAT-A' to LAT-C latch the 
data that has been latched by the latch circuits LAT-A to LAT-C, 
The latch circuit LAT-A bases the latching of the 8 -bit 
10 image data D7 to DO on a write control signal WRl . Similarly, 
the latch circuit LAT-B bases the latching of the 8 -bit image 
data D7 to DO on a write control signal WR2 . Furthermore, the 
latch circuit LAT-C bases the latching of the 8 -bit image data 
D7 to DO on a write control signal WR3 . The data that has been 
15 latched by the latch circuits LAT-A to LAT-C is output to 
internal buses IBUSl to IBUS3. 

The latch circuits LAT-A* to LAT-C latch the data on the 
internal buses IBUSl to IBUS3, based on a write delay control 
signal that delays the write control signal WR3 , and outputs 
20 it to corresponding output buses OUTBUSl to OUTBUS3 . 

In general, if image data in which grayscales are 
expressed as four bits for each color is written in 8-bit units, 
the grayscale data for one pixel is written by two write 
operations. It is therefore necessary to perform a further two 
25 writes when writing the grayscale data for the second pixel 
subsequently . 

That is why the driver IC 20 is provided with the latch 
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circuits LAT-A to LAT-C as shown in Fig. 3, so that grayscale 
data for two pixels is latched by three write operations, as 
shown in Fig. 4. The grayscale data for the two pixels is latched 
by the latch circuits LAT-A' to LAT-C in synchronization with 
5 the third write operation, then is supplied to the later- stage 
image data conversion circuit 2. 

For that reason, the write control signals WRl to WR3 go 
active in sequence every time a write control signal MPUWR from 
the MPU 10 goes active, as shown in Fig. 4B, to fetch the image 

10 data D7 to DO into the latch circuits. The latch circuits LAT-A' 
to LAT-C latch the data on the internal buses IBUSl to IBUS3 
(in synchronization with the write control signal WR3) by a 
write delay control signal that has been delayed from the write 
control signal WR3 in order to ensure a set-up time and a hold 

15 time. The configuration is such that the process of converting 
the number of bits and writing to the RAM 3 is done during the 
period in which the data is being output to the output buses 
OUTBUSl to OUTBUS3. 

This makes it possible to reduce the number of write 

20 operations performed on the image data by the MPU 10, thus making 
it possible to efficiently fetch image data that is being input 
continuously . 

The 4 -bit image data for each color that has been fetched 
efficiently in this manner by the MPU interface 1 is input to 
25 the image data conversion circuit 2. The image data conversion 
circuit 2 converts the 4 -bit image data (N «= 4) into grayscale 
data of any settable number of bits, such as 5 -bit grayscale 



16 




"****». -"^t. it«»*» "~JH ■««**♦«. ■■•"H* 

^ic:: jc;: w u e:::: ^ iun icr: 



data (M = 5) . 

An example of the conversion table generated by the image 
data conversion circuit 2 is shown in Fig. 5. 

In this case, the description concerns the conversion of 
5 4 -bit image data for each color to 5 -bit grayscale data for each 
color, but there is no limit on the number of bits in the 
grayscale data after the conversion. 

This type of conversion table comprises a plurality of 
latch circuits. The configuration is such that the 5 -bit 
10 grayscale data to be converted from 4 -bit image data can be set 
with respect to these latch circuits by commands Px (where x 
= 1 to 48) from the MPU 10, by way of example. If 5 -bit grayscale 
data to be converted is set for 4 -bit image data R (0,0,0,0), 
by way of example, a command PI is issued from the MPU 10. On 
15 receiving the command PI, the image data conversion circuit 2 
stores 5 -bit grayscale data P14 to PIO, after conversion from 
the data D4 to DO. When R (0,0,0,0) is input as 4 -bit image data 
subsequently, the configuration is such that the image data 
conversion circuit 2 outputs the 5 -bit grayscale data P14 to 



An example of the configuration of the image data 
conversion circuit 2 is shown in Fig. 6. 

In this case, only the portion for converting the red (R) 
image data is shown. 



circuits LATl to LAT48 and selector circuits SELO to SEL4 . 

The latch circuits LATl to LAT48 input the data D4 to DO 
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PIO . 



25 



The image data conversion circuit 2 comprises 5 -bit latch 
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for conversion table setting. The latch circuit LATl latches 
the data D4 to DO for conversion table setting, based on an enable 
signal EN- PI that goes active when the command PI is input from 
the MPU 10. The latch circuit LAT2 latches the data D4 to DO 
5 for conversion table setting, based on an enable signal EN- 
P2 that goes active when the command P2 is input from the MPU 
10. Similarly, the latch circuits LAT3 to 48 each latch the data 
D4 to DO for conversion table setting, based on enable signals 
EN-P3 to EN-P48 that go active when the corresponding command 

10 P3 to P48 is input from the MPU 10. 

The latch circuits LATl to LAT48 output latched 5 -bit 
conversion table data RA^ to RO^, R42 to RO2, . . . , to R44e to RO^g. 

The selector circuit SELO selects a selection bit ROO for 
output, based on the pre- conversion 4 -bit image data D3 to DO 

15 that has been output from the MPU interface 1, from among the 
conversion table data RO^ to R04e output from the corresponding 
latch circuits LATl to LAT48. 

The selector circuit SELl selects a selection bit ROl for 
output, based on the pre - conversion 4 -bit image data D3 to DO 

20 that has been output from the MPU interface 1, from among the 
conversion table data Rl^ to Rl4a output from the corresponding 
latch circuits LATl to LAT48. 

The selector circuit SEL2 selects a selection bit R02 for 
output, based on the pre- conversion 4 -bit image data D3 to DO 

25 that has been output from the MPU interface 1, from among the 
conversion table data R2^ to R24a output from the corresponding 
latch circuits LATl to LAT48. 
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The selector circuit SEL3 selects a selection bit R03 for 
output, based on the pre -conversion 4 -bit image data D3 to DO 
that has been output from the MPU interface 1, from among the 
conversion table data RB^ to R348 output from the corresponding 
5 latch circuits LATl to LAT48. 

The selector circuit SEL3 selects a selection bit R04 for 
output, based on the pre -conversion 4 -bit image data D3 to DO 
that has been output from the MPU interface 1, from among the 
conversion table data R4i to R448 output from the corresponding 

10 latch circuits LATl to LAT48. 

when the 4-bit image data D3 to DO is (0,0,0,0), by way 
of example, the selector circuits SELO to SEL4 select R41 to 
ROl that are set in the latch circuit LATl and output therefrom, 
based on the command PI, as the selection bits R4i to ROi. 

15 The above described configuration makes it possible for 

the image data conversion circuit 2 to output the selection bits 
R04 to ROO as 5 -bit grayscale data, from the pre -conversion 
4 -bit image data D4 to DO. 

The grayscale data that is output continuously from the 

20 image data conversion circuit 2 in this manner is sequentially 
stored in the RAM 3. Grayscale pattern selection ROMs 4A to 4D 
are connected to the RAM 3. Each of the grayscale pattern 
selection ROMs 4A to 4D outputs a grayscale pattern selection 
signal for selecting one grayscale pattern from a plurality of 

25 grayscale patterns stored in FRCROMs 5A to 5D, based on 
grayscale data (assumed to be 5 bits hereinafter) for each color 
that is supplied from the RAM 3. 
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In this case, a grayscale pattern is a pattern that 
specifies whether a given frame cycle is on or off, in order 
to provide grayscale representation corresponding to a 
grayscale. The FRCROMs 5A to 5D store a plurality of grayscale 
5 patterns corresponding to grayscales having mutually different 
frame cycles. 

Examples of grayscale patterns stored in the FRCROMs 5A 
to 5D are shown in Fig. 1. Eight grayscale patterns from 
grayscale pattern A-1 to A- 8 are stored in the FRCROM 5A, and 

10 one is selected therefrom, based on the grayscale data. 
Similarly, nine grayscale patterns from grayscale pattern B-1 
to B-9 are stored in the FRCROM 5B, seven grayscale patterns 
from grayscale pattern C-1 to C-7 are stored in the FRCROM 5C, 
and eight grayscale patterns from grayscale pattern D-1 to D-8 

15 are stored in the FRCROM 5D. These grayscale patterns are 
preferable shifted by one pattern for each output. For example, 
the ROM data is generated shifted by one step at a time along 
the side in Fig. 7, for one segment output. Note that the start 
address of each grayscale pattern is exactly the same within 

20 one frame period . 

By using the total of 32 different grayscale patterns 
stored in the FRCROMs 5A to 5D, it becomes possible to represent 
each RGB color in 32 grayscales, as shown in Fig. 8. The 
continuity of these grayscales is shown in Fig. 9. As shown in 

25 Fig. 9, this embodiment enables a grayscale display of a finer 
grain than the prior-art eight-grayscale display. 

This enables simple implementation within the image data 
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conversion circuit 2, by setting a conversion table in such a 
manner that the 4 -bit image data for each color that is input 
from the MPU 10 is converted into 5 -bit image data for each color 
corresponding to each grayscale, as shown in Figs. 8 and 9. 
5 In addition, frame selection circuits 6A to 6D and 7A to 

7D are also connected to the FRCROMs 5A to 5D, respectively, 
as shown in Fig. 1. The frame selection circuits 6A to 6D and 
7A to 7D adjust the frame rate control (FRC) for a series of 
image frames under the control of the display control circuit 

10 9, by causing sequential output of grayscale patterns selected 
from the FRCROMs 5A to 5D. 

The connective relationships between the RAM 3, the 
grayscale pattern selection ROMs 4A to 4D, the FRCROMs 5A to 
5D, the frame selection circuits 6A to 6D and 7A to 7D, and the 

15 display control circuit 9 within the driver IC 20 are shown 
schematically in Fig. 10. 

The display control circuit 9 outputs address signals 
AD3i2 to ADO12 to the frame selection circuits 6A and 7A. The 
address signals AD3i2 to ADO^a are configured to indicate frame 

20 numbers that are updated every time a frame period expires, and 
repeat in a 12 -frame cycle, as shown in Fig. 11. 

The display control circuit 9 also outputs AD3ii to ADO^i 
to the frame selection circuits 6B and 7B. The address signals 
AD3ii to ADOii are configured to indicate frame numbers that are 

25 updated every time a frame period expires, and repeat in an 
11 -frame cycle, as shown in Fig. 11. 

The display control circuit 9 also outputs address 
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signals AD3io to ADOk, to the frame selection circuits 6C and 
7C. The address signals AD3io to ADOjo a^re configured to indicate 
frame numbers that are updated every time a frame period expires, 
and repeat in a 10 -frame cycle, as shown in Fig. 11. 
5 The display control circuit 9 also outputs address 

signals AD37 to ADO7 to the frame selection circuits 6D and 7D. 
The address signals AD37 to ADO7 are configured to indicate frame 
numbers that are updated every time a frame period expires, and 
repeat in a 7- frame cycle, as shown in Fig. 11. 

10 The RAM 3 outputs the 5 -bit grayscale data R4 to RO that 

has been converted by the image data conversion circuit 2, to 
the grayscale pattern selection ROMs 4A to 4D. 

The grayscale pattern selection ROMs 4A to 4D output 
grayscale pattern selection signals for selecting the one 

15 grayscale pattern among the plurality of grayscale patterns 
stored in the FRCROMs 5A to 5D, in accordance with grayscales 
based on the 5 -bit grayscale data. 

The connective relationships between the FRCROMs, frame 
selection circuits, and display control circuit is shown 

20 schematically in Fig. 12. 

The FRCROM 5A decodes and outputs a grayscale pattern 
indicating display on/off, in accordance with the frame number 
specified by the frame selection circuit 6A or 7A, from among 
the grayscale patterns selected by the grayscale pattern 

25 selection signals that were output from the grayscale pattern 
selection ROM 4A. 

The FRCROM 5B decodes and outputs a grayscale pattern 
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indicating display on/off, in accordance with the frame number 
specified by the frame selection circuit 6B or 7B, from among 
the grayscale patterns selected by the grayscale pattern 
selection signals that were output from the grayscale pattern 
5 selection ROM 4B. 

The FRCROM 5C decodes and outputs a grayscale pattern 
indicating display on/off, in accordance with the frame number 
specified by the frame selection circuit 6C or 7C, from among 
the grayscale patterns selected by the grayscale pattern 

10 selection signals that were output from the grayscale pattern 
selection ROM 40. 

The FRCROM 5D decodes and outputs a grayscale pattern 
indicating display on/off, in accordance with the frame number 
specified by the frame selection circuit 6D or 7D, from among 

15 the grayscale patterns selected by the grayscale pattern 
selection signals that were output from the grayscale pattern 
selection ROM 4D. 

Of control signals Gil to GO (control signals G15 to G12 
are not used) , control signals Gil to G8 and G3 to GO, which 

20 are input to the FRCROMs 5A to 5D for specifying individual 
frames, are generated in the frame selection circuits 6A to 6D. 
The control signals G15 to G12 and G7 to G4 are generated in 
the frame selection circuits 7A to 7D. 

In this manner, the division of the frame selection 

25 circuitry corresponding to the FRCROMs into two portions is 
because the included plurality of transistors having large 
surface areas operating at high speeds, which form components 
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such as transfer gates and NAND circuits in the frame selection 
circuits, would increase the surface area if those transistors 
were concentrated in one location, making layout difficult. 

If the number of components in the FRCROMs in particular 
5 is small in comparison with the frame selection circuits that 
output control signals to the FRCROMs, the form of layout of 
the frame selection circuits would increase the size of the 
driver IC 2 0 in the short -edge direction and thus reduce layout 
efficiency. By dividing the frame selection circuits, therefore, 

10 it becomes possible to keep the length in the short -edge 
direction short, even though the length in the long -edge 
direction of the driver IC 2 0 increases, enabling an improvement 
in layout efficiency. 

The description now turns to the frame selection circuits, 

15 grayscale pattern selection circuits, and FRCROMs. 

The frame selection circuit 6A generates the control 
signals 611 to 68 and 63 to 60 from the address signals ADB^j 
to ADO12 from the display control circuit 9, as shown in Fig. 
13. The control signals 611 to 68 and 63 to 60 are output for 

20 the FRCROM 5A. The frame selection circuit 6A performs decoding 
in such a manner that the control signal 60 goes active (logic 
level goes low) and the control signals 611 to 68 and 63 to 61 
go inactive (logic level goes high) when the address signals 
AD3i2 to ADO12 indicate frame 1 (AD3i2 to ADO12 = "0000") , by way 

25 of example. The frame selection circuit 6A also performs 
decoding in such a manner that the control signal 611 goes active 
(logic level goes low) and the control signals 610 to 68 and 



24 



.a- u oi c:: "«fi" a;:::; u:::« i^n 3 O S" 



G3 to Gl go inactive (logic level goes high) when the address 
signals AD3i2 to ADOij indicate frame 12 (ADS^a to ADO^a = "1011") , 
by way of example. 

In this case, the description concerned the frame 
5 selection circuit 6A, but the frame selection circuits 6B to 
6D and 7A to 7D have similar configurations so further 
description thereof is omitted. 

The configuration could also be such that each of the 
grayscale pattern selection ROMs 4A to 4D and the corresponding 
10 one of the FRCROMs 5A to 5D are configured as a single ROM. 

Fig. 14 shows an example in which each of the grayscale 
pattern selection ROMs 4A to 4D and the corresponding one of 
the FRCROMs 5A to 5D are configured as a single ROM. 

When a grayscale pattern is output for a plurality of 
15 lines by a multi-line drive method (Multi Line Selection: MLS) , 
in which a plurality of common electrodes is selected 
simultaneously, with a ROM of such a configuration, a plurality 
of segment electrodes corresponding to that plurality of common 
electrodes are used as odd-numbered lines and even-numbered 
20 lines, so two ROMs are paired. If the grayscale pattern 
selection ROM 4A is configured together with the corresponding 
FRCROM 5A as a single ROM, the ROM comprises two parts as shown 
in Fig. 14. 

A predetermined number of the plurality of transistors 
25 shown in Fig. 14 are short-circuited between source and drain 
by aluminum wiring, to store an algorithm used in the conversion 
of data thereby. 
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The lower- side transistor group forms a grayscale pattern 
selection ROM (decoder) for selecting a grayscale pattern based 
on the 5 -bit grayscale data supplied from the RAM 3, and sends 
a grayscale pattern selection signal corresponding to the 5 -bit 
5 grayscale data to the upper- side transistor group. The 
upper- side transistor group represents the grayscale patterns 
D-1, D-2, D-3,... shown in Fig. 7. If grayscale data (M4 to MO 
= "00011") is input, by way of example, the grayscale pattern 
D-1 represented by the array of transistors on the leftmost side 
10 is selected. In that case, the grayscale pattern selection 
signal applied to the source of the transistor whose gate is 
connected to the control signal GO, of the array of transistors 
on the leftmost side, is set to the ground potential (precharger 
potential) . 

15 The control signals GO to Gil are applied to the gates 

of the upper- side transistor group. The source and drain are 
short-circuited in the transistor corresponding to the first 
control signal GO and the transistor corresponding to the 
seventh control signal G6, in the array of transistors on the 

20 leftmost side that represent the grayscale pattern D - 1 . The dots 
that represent the uppermost row of the grayscale pattern D-1 
shown in Fig. 7 are output sequentially by making the logic 
levels of the control signals GO to Gil go low in sequence while 
the logic levels of the other signals remain high. Similarly, 

25 it is possible to represent all of the 32 grayscales shown in 
Figs. 8 and 9 by providing ROMs that comprise transistor groups 
corresponding to the other grayscale patterns A to C . 
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In Fig. 1, the outputs for odd -numbered lines and 
even -numbered lines, which are output from ROM of the 
configuration shown in Fig. 14, are input to the LCD interface 
8. 

5 An example of the configuration of the LCD interface 8 

is shown in Fig. 15. 

This example shows the configuration for the output for 
one segment driven by MLS, where four lines are selected 
simultaneously. 

10 The LCD interface (generally speaking: a drive signal 

output circuit) 8 comprises latch circuits lOOA to lOOD, a MLS 
decoder 110, latch circuits 120A to 120E, a driver logic 130, 
level shifters (LS) 140A to 140E, and a segment electrode drive 
circuit 150. 

15 The latch circuit lOOA latches the output for the first 

line corresponding to the common electrodes for four lines that 
are selected simultaneously by MLS, of the odd-numbered lines 
from the FRCROMs 5A to 5D. The latch circuit lOOC latches the 
output for the third line corresponding to the common electrodes 

20 for four lines that are selected simultaneously by MLS, of the 
odd-numbered lines from the FRCROMs 5A to 5D. The latch circuit 
lOOB latches the output for the second line corresponding to 
the common electrodes for four lines that are selected 
simultaneously by MLS, of the even-numbered lines from the 

25 FRCROMs 5A to 5D. The latch circuit lOOD latches the output for 
the fourth line corresponding to the common electrodes for four 
lines that are selected simultaneously by MLS, of the even- 
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numbered lines from the FRCROMs 5A to 5D. 

The MLS decoder 110 uses an orthogonal function 
stipulated by the scan pattern for four lines of common 
electrodes that are selected simultaneously, to perform a 
5 previously set MLS computation on the display pattern for four 
lines of segment electrodes (the abovementioned first to fourth 
lines) , then decodes the result of that computation for output 
in field units. This decoded output is output as a selection 
signal that selects the voltage supplied to each segment 
10 electrode. With four- line simultaneous selection, this 
selection signal is any one of five voltages (V3, V2 , VC, MV2, 
MV3) . 

The decoded output that is output from the MLS decoder 
110 is input to the driver logic 130 after being latched by the 

15 latch circuits 120A to 120E. 

The driver logic 130 performs a logical operation on the 
selection signal in accordance with factors such as polarity 
inversion timing. The output of the driver logic 13 0 is input 
to the segment electrode drive circuit 150 after the voltage 

20 level thereof has been converted by the level shifters 140A to 
140E. The segment electrode drive circuit 150 outputs one of 
the voltages V3 , V2, VC, MV2 , and MV3 through the segment output 
terminal to the segment electrodes of the LCD panel 30, based 
on the level shifters 140A to 140E. 

25 The above described configuration selects one grayscale 

pattern from a plurality of grayscale patterns having mutually 
different frame cycles, based on 5 -bit grayscale data for each 
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color that has been converted from 4 -bit image data for each 
color from the MPU 10, making it possible to output drive signals 
to segment electrodes for driving the LCD panel (generally 
speaking: a display panel) 30 by a method such as MLS. 
5 This driver IC 2 0 can be provided on a substrate on which 

the LCD panel 3 0 is mounted, where the LCD panel 3 0 comprised 
pixels that are defined by a plurality of common electrodes and 
a plurality of segment electrodes, which mutually intersect. 
The scan driver that drives the common electrodes of the LCD 

10 panel 30 could also be provided on that substrate. 

If a display panel 200 comprising pixels defined by a 
plurality of common electrodes and a plurality of segment 
electrodes, which mutually intersect, is formed on a glass 
substrate, a display drive circuit 210 in accordance with this 

15 embodiment that has functions similar to those of the driver 
IC 20 could be formed directly on that glass substrate, without 
being integrated, as shown in Fig. 16. In such a case, the 
configuration could be such that the common electrodes of the 
display panel 2 00 are driven by a scan driver IC outside of the 

20 display panel 2 00, or a scan driver 220 for driving the common 
electrodes of the display panel 200 could be formed directly 
on the same glass electrode. 

Note that the present invention is not limited to the 
above described embodiments thereof, and thus various 

25 modifications thereto could be envisioned. 

As described above, these embodiments of the present 
invention make it possible to broaden the types of colors that 
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can be displayed and increase the degree of freedom of the 
selection of colors displayed, when driving an LCD or the like 
to display color in a plurality of grayscales. 
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